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@ The present invention relates to a method for 
filling particulate material (2) into vertical tubes (1). 
The particles are conveyed down into the tube along 
a line with a series of damper means (5) arranged 
substantially transversely to the line and having a 
radial extension less than the tube's inner diameter. 
The line is pulled up gradually as the tube is filled 
with particles. The damper means can be in the form 
of brushes so flexible that they give gradually when 
the particles fall down on them. A wire can be used 
as the line, to which is fastened a series of substan- 
tially equidistant transversely extending brushes, 
preferably consisting of springs. 
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The present invention relates to a method for 
filling particulate material into a tube. The method 
relates more particularly to filling a catalyst into a 
tube and then usually a whole series of vertical 
tubes, for example in connection with production of 
ammonia. 

The main problem with filling particles into a 
tube is that voids easily form. This happens espe- 
cially with particles which easily form bridges in the 
tube. To attain even filling, the tube can be vibrat- 
ed, e.g. by tapping or striking the upper part of the 
tube. However, this is laborious and delays the 
filling operation. Furthermore, the tube is exposed 
to extra mechanical stress. 

When filling catalyst into the tubes, there is a 
special problem with unevenness because uneven 
filling and voids cause uneven temperature dis- 
tribution over the tube. This creates temperature 
and mechanical stress in the tube and reduces its 
lifetime. 

A known way to reduce the above described 
problem is to first fill particles into long sock, for 
example of soft plastic. The particles or catalysts 
can also be delivered from the manufacturer in 
such socks. When filling the tubes, the sock with 
particles is fastened on a line and lowered towards 
the bottom of each tube. By jerking the line, the 
sock opens below and the particles flow into the 
tube. Usually a large number of such socks is 
required to fill one catalyst tube. With this method, 
it is usual to tap the tubes to improve the degree of 
filling. 

There are several disadvantages with this 
method. Particularly, if the sock contains voids, 
then one easily gets corresponding voids in the 
tube when the sock is emptied. Even and dense 
filling of the tube with particles is consequently 
difficult to achieve with this method. Different den- 
sities in the tubes cause variation in the pressure 
drop over the tubes. This results in distortions of 
the gas distribution in a multitube reactor. The poor 
reproducibility with the filling means that the tubes 
must be exposed to extra tapping to secure rea- 
sonably even gas distribution over the tubes. In 
addition, the method is laborious. One is fettered to 
one packaging form and must often pay to get the 
particles filled into the socks. Systematic errors 
may also arise because of operator-dependent er- 
rors both with filling the socks and with filling the 
tubes. 

A special way to attain good and even packing 
of particles in tubing is to fill it with water and then 
pour in particles. However, this method requires 
that the water afterwards is completely removed. 
This removal and subsequent drying takes a long 
time and to this must be added that not all types of 
particles/catalysts can endure exposure to water. 



A method for filling a tube with a catalyst by 
adding it to the upper part of the tube by means of 
a transporter comprising a slowly rotating arrange- 
ment is known from patent application RD-253040- 

5 A. The catalyst is transported from a container 
through a duct in which there is a rod with 
oblique/transverse propeller wings or brushes. The 
catalyst particles are then transported to the cata- 
lyst tube's upper end and fall smoothly into it. 

10 In order to get even filling of the tube, the 

particles must be added slowly. Further, the par- 
ticles, especially during the first part of the filling, 
have a long drop and may thereby be crushed 
during the fall. Consequently, one can get an un- 

75 even packing of particles over the vertical length of 
the tube. The filling time with this method will also 
be long. 

The object of the present invention is to arrive 
at a method which does not have the disadvan- 

20 tages of the known methods. More particularly, a 
quick, gentle, and even filling of particles into the 
tubes was desired. 

In order to get a quick filling of the tubes, the 
particles were emptied directly down into the 

25 tubes, but in order to avoid crushing of the par- 
ticles various approaches were tried to soften the 
fall. Rods with transverse damper means were 
lowered down into the tube and particles were filled 
down in the tube. This seemed to work well pro- 

30 vided that the particles fell evenly downwards from 
damper means to damper means. By pulling the 
rod upwardly during the filling, a relatively even 
filling was attained. However, in most cases, a rigid 
rod was awkward and space-consuming to use. So, 

35 it was used flexible means in the following defined 
to be a line comprising an articulated rod, a wire, 
chain or the like with a plurality of damper means 
shapeable in different ways, but their radial exten- 
sion had to be smaller than the radius of the tube. 

40 The type and shape of the damper means and line 
could be adapted in particular cases to the actual 
type of particles and the tubular diameter. Some- 
what flexible damper means seemed to be ad- 
vantageous to use. An advantageous embodiment 

45 was found to be bristles of spring steel or relatively 
stiff springs twisted into the wire or fastened in 
some other manner to the line/chain with the damp- 
er means. It also appeared that with such a line 
with damper means, bridge formation was avoided, 

50 even with particulate material known for easily for- 
ming bridges during filling. 

More complete testing was begun. A funnel 
was set up on each tube and a line with a series of 
damper means was conveyed down in the tube. 

55 Then the particles were poured down into the tube. 
A very quick, even and reproducible filling was 
attained, particularly if the line was jerked a little 
during the filling while simultaneously being lifted 
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up gradually as the tube filled. 

.The special features of the invention are as 
defined in the attached patent damns. 

The invention will now be explained in detail 
with reference to the drawings and the exannplified 
ennbodiments. 

Fig. I shows a tube filled in a conventional 
nnanner. 

Fig. 2 shows a tube filled in accordance with 

the invention. 
Fig. 3 shows a detailed ennbodiment of the 
nneans used during filling in accor- 
dance with the invention. 

Fig. 1 shows a tube 1, e.g. a catalyst tube. 
Particles 2 are filled in the tube 1, and as shown in 
the drawing, there is uneven filling since voids 3 
have come into being. 

Fig. 2 shows how a tube 1 can be filled by the 
inventive method and which accessories are used. 
A line 4, wire, chain or the like, is provided with 
substantially transverse damper means 5. Here, 
these are shown as brushes. The line 4 can be 
moved, primarily vertically, and is pulled gradually 
up out of the tube as it fills. The particles pour 
down into the tube 1 through a funnel 6 removed 
after filling is completed. The particles can of 
course be added in other ways, e.g. by means of 
the transporter described in the above-specified 
patent application. 

Fig. 3 shows the damper means 5 in detail and 
how the substantially transverse springs are twisted 
into a string 9 fastened to the line 4 by rings 8. The 
distance between the damper means 5 is usually 
substantially equal, but it can also vary. The damp- 
er means' 5 shaping, as to length, stiffness, num- 
ber of individual brushes etc, can be adapted to the 
material to be filled into the tube 1. 

Example 1 



A series of tests were performed by filling 
particles into a tube in accordance with a conven- 
tional method and the inventive method. During the 
testing, a 4 meter long transparent tube with an 
inner diameter of 100 mm was used. Catalyst par- 
ticles of 17 mm X 17 mm x 6 mm were used. 

The tube was first filled by lowering socks with 
particles down into the tube and then pulling the 
socks up so that they emptied. In order to fill a 
tube, four of these standard socks were consumed. 
There was observed some crushing of particles 
and quite uneven filling of the tube, with a number 
of empty spaces and some bridge formation in the 
tube. It appeared that the particles from the socks 
were transferred so directly down into the tube that 
the empty spaces in the sock could substantially 
be rediscovered in the tube. 



Average filling time for 10 tests was : 153 
seconds. 

Average bulk density of the catalyst in the tube 
was : 1 ,00 kg liter. 

5 Reproducibility, expressed as standard deviation of 
bulk density, was: 0.02. 

A series of corresponding tests and the same 
type of particles were performed in accordance 
with the invention and as illustrated in Figs. 2 and 

10 3. The distance between the damper means was 
about 50 cm. No crushing of particles was ob- 
served. There was a very even distribution of par- 
ticles in the tube without any empty space. 

Average filling time for 10 tests was : 105 

75 seconds. 

Average bulk density was : 1.11 kg liter. 
Reproductblity, standard deviation in bulk density, 
was : 0.01. 

A series of further tests with other types of 

20 particles were performed. These tests were per- 
formed in accordance with the invention and 
showed that also for these particles quick filling of 
the tubes was attained, and that they were evenly 
filled without signs of bridge formation or empty 

25 spaces. 

With the present invention, a novel and more 
reproducible filling method, far quicker than those 
known, has been attained. The method is gentle to 
particles such that their crushing during the filling 

30 operation is avoided. An even filling of the tube is 
also obtained, and thus one result has been avoid- 
ance of uneven temperature distribution when the 
tube filled with catalyst is in operation. 

Further, an even density of particles in the 

35 tubes is attained without exposing them to 
tapping vibration which is both time-consuming and 
damaging to the tubes. Consequently, time is 
saved both during the filling and since the tubes do 
not have to be tapped as is usual with known 

40 methods. 

The method is simple and to a very small 
degree dependent upon whoever is the operator 
during the filling process. In addition, one avoids 
the errors connected with filling of particles in 

45 socks. A substantial degree of freedom regarding 
packaging and the form of transport for the par- 
ticles is also obtained. 

Claims 

50 

1. A method for filling particulate material into 
vertical tubes, 
characterized in that 

the particles are conveyed down into the tube 
55 along a line with a series of damper means 

arranged substantially transversely to the line 
and having a radial extension less than the 
tube's inner radius, and that the line is pulled 
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up gradually as the tube is filled with particles. 

2. The method of claim 1 for filling particulate 
material into vertical tubes, 

characterized in that 5 

the damper means are in the form of brushes 
which are so flexible that they give gradually 
when the particles fall down on them. 

3. The method of claim 1 for filling particulate io 
material into vertical tubes, 

characterized in that 

a wire is used as the line, to which is fastened 
a series of substantially equidistant transverse- 
ly extending brushes, preferably consisting of is 
springs. 
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